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ABSTRACT This study aims to develop a measurement tool to measure pre-service science fields teachers’ (PSSFT’) attitudes 
towards nanotechnology. For this purpose, a five-point Likert-type scale consisting of 55 items was applied to 373 PSSFT who 
enrolled in science fields (Science, Chemistry, Biology, Physics) at the grades 1st, 2nd, 3rd, and 4th at a public university in Turkey. 
The exploratory factor analysis (EFA) determined that the scale had a 3-factor structure consisting of 24 items and the factors 
explained 55.854% of the attitude variable's total variance. Verification of the model was tested by applying confirmatory factor 
analysis (CFA). The CFA data were obtained from 770 PSSFT enrolled in science fields at the grades 1st, 2nd, 3rd, and 4th at two 
different public universities in Turkey. The results obtained from CFA were in agreement with the model obtained by EFA. 
Cronbach's alpha (Cr-α) reliability of the scale was calculated to be 0.926. Findings from the validity and reliability analyses show 
that the scale is a valid and reliable measurement tool that can measure PSSFT’ attitudes towards nanotechnology. 
Keywords Attitude, Nanotechnology, Pre-service science fields teachers, Scale development 
1. INTRODUCTION 
Attitude research has been one of the main topics of 
social psychology for many years (Kağıtçıbaşı & Cemalcılar, 
2014; Oppenheim, 2001). The reason for this great interest 
shown in the attitude studies is that the attitudes of the 
individuals affect both individual's social perceptions and 
behaviors (Kağıtçıbaşı & Cemalcılar, 2014). The accurately 
measuring of a person’s attitudes towards any subject or 
object firstly depends on correctly identifying this 
characteristic (Tezbaşaran, 2008). It has been described by 
many researchers in the literature (Allport, 1935; Droba, 
1933; İnceoğlu, 2010; Tezbaşaran; 2008). According to 
Thurstone (1931), attitude is the degree of emotions 
towards an object or person. For an individual, anything 
such as a house, neighbor, loved or disliked people, friends, 
and profession can be a psychological object. Therefore, 
the individual may have certain attitudes towards them 
(Kağıtçıbaşı & Cemalcılar, 2014). 
Attitudes are composed of three components: 
cognitive, affective, and behavioral (İnceoğlu, 2010). 
Kağıtçıbaşı and Cemalcılar (2014) described the cognitive 
component as the knowledge and thoughts that the 
individual has towards the attitude object, the affective 
component as the emotions of the individual towards the 
attitude object, and the behavioral component as the 
behavior tendency of the individual triggered by the 
attitude object. Among these components constituting the 
attitude, it is generally assumed that an organization brings 
internal consistency. According to this, what the individual 
knows about the subject (the cognitive component) 
determines what kind of emotion they will approach it with 
(affective component) and what kind of an attitude they 
will put against it (the behavioral part) (İnceoğlu, 2010).  
Attitudes have an essential place in many of our social 
life, such as education, business, politics, entertainment, 
fashion, marriage, and communication. That is the main 
reason for social psychologists’ efforts to measure attitudes 
(Oppenheim, 2001). Because measuring the attitudes and 
the level of attitudes individuals have towards the object or 
situation is a desirable situation in many areas (Erkuş, 
2003). Various methods have been developed to measure 
attitudes that play such an important role in social 
interactions (Kuppuswamy, 1965). However, they are not 
directly observable because most of the individual's 
attitudes are usually dormant and are expressed in the form 
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of speech or behavior only when the relevant object is 
perceived. Attitudes can be measured indirectly by making 
inferences from these observable behaviors of the 
individual. This measurement process requires an 
appropriate scale (Erkuş, 2003; Kuppuswamy, 1965).  
1.1 Nanotechnology and Attitudes towards 
Nanotechnology 
Nanotechnology is a new, perhaps somewhat unclear, 
and controversial field attracting the attention of many 
nations and the community of scientists interested in 
science communication and society’s perceptions of 
science (Stephens, 2005). It is also a rapidly developing 
interdisciplinary field to be a major influence on the lives 
of future generations (Nerlich, Clarke, & Ulph, 2007). 
Researches on nanotechnology show that there can be 
revolutionary developments in materials and 
manufacturing, electronics, medicine, health services, 
energy, biotechnology, information technologies, and 
national security. For this reason, nanotechnology is widely 
referred to as “the industrial revolution of the future” 
(Bhushan, 2010; Çıracı, 2006). At this point, society’s views 
will significantly impact research and development 
activities (Nerlich, Clarke, & Ulph, 2007). In other words, 
the future position of nanotechnology may shape by 
society’s attitude towards nanotechnology (acceptance of 
nanotechnology, resistance to nanotechnology, or rejection 
of nanotechnology) (Roco & Bainbridge, 2001). Therefore, 
it is considered that the measurement of attitudes towards 
nanotechnology is of great importance to fully utilize the 
potential of nanotechnology. However, the studies on 
nanotechnology attitudes' determination are relatively 
limited numbers when considered the relevant literature 
(Bainbridge, 2002; Lee, Scheufele, & Lewenstein, 2005; 
Nerlich, Clarke, & Ulph, 2007).  
The studies on nanotechnology attitudes were carried 
out with participants of different ages and education levels 
using various data collection tools and methods. For 
example, Bainbridge (2002) collected data from 3909 
participants via an internet questionnaire. Another research 
was conducted by Lee, Scheufele, & Lewenstein (2005) in 
the US, and the data collected via a telephone survey. Liang 
et al. (2015) compared public attitudes towards 
nanotechnology in the United States and Singapore. The 
data collected through an online survey for the US and 
computer-assisted telephone interviewing software for 
Singapore. The superior results of these studies showed 
that (i) the participants had high levels of enthusiasm for 
the potential benefits of nanotechnology and little concern 
about possible dangers (Bainbridge, 2002); (ii) the 
participants’ awareness of nanotechnology generally was 
low, and the media was one of the strongest predictors of 
attitudes towards nanotechnology (Lee, Scheufele, & 
Lewenstein, 2005); (iii) Singaporeans tend to be more 
knowledgeable about and familiar with nanotechnology 
than the US public, and they also have more positive 
attitudes towards nanotechnology (Liang et al., 2015). 
1.2 Significance 
A deeper understanding of society's attitude towards 
nanotechnology will undoubtedly prove beneficial in 
furthering nanotechnology's responsible development 
worldwide (Zhang, Wang, & Lin, 2015). At this point, 
teachers and pre-service teachers educating the youth of 
society who will become the responsible decision-makers 
and leaders of the next generation can have a crucial role. 
Teachers' knowledge, opinions, and beliefs directly 
influence their classroom practice (Brickhouse, 1990; 
Pajares, 1992). When nanotechnology's interdisciplinary 
nature (Tessman, 2009) considers, it is concluded that 
determining especially science fields teachers and pre-
service teachers' attitudes towards nanotechnology is 
essential. Therefore, it is necessary to determine the 
attitudes towards nanotechnology by using appropriate 
tools and providing the support needed to develop these 
attitudes following the results obtained. 
When the studies investigating the attitudes towards 
nanotechnology are examined, it is seen that the use of 
measurement tools that are specifically developed to 
measure the attitudes towards nanotechnology and which 
provide quantitative data are relatively limited. In line with 
this situation, the scarcity of the Likert-type measurement 
tools designed to measure nanotechnology attitudes is also 
noteworthy (Kurnaz & Bayraktar, 2012; Seçken, 2009; Lan, 
2012). Thus, it can be said that a variety of measurement 
tools are needed. By looking at this deficiency, the present 
study aims to develop a scale that can be used to measure 
the attitudes of PSSFT towards nanotechnology. 
 
2. METHOD  
This study consisted of two main parts. In the first part 
of the study, the development of the nanotechnology 
attitude scale was focused. In this process, validity (EFA 
for construct validity) and reliability analyzes explained in 
the following sections were carried out. In the second part, 
whether the scale developed in the first part gives the same 
structure on a different group with similar characteristics 
was examined (CFA for construct validity). 
2.1. Study Group  
The first part of this study was conducted with 373 
PSSFT enrolled in Science (N=274), Chemistry (N=46), 
Biology (N=35), and Physics (N=18) Education 
Departments at the grades 1st, 2nd, 3rd, and 4th at a public 
university in Turkey’s Central Anatolia region.  
The second part of the study was conducted with 770 
PSSFT enrolled in Science (N=509), Chemistry (N=101), 
Biology (N=90), and Physics (N=70) Education 
Departments at the grades 1st, 2nd, 3rd, and 4th, at two 
different public universities in Turkey’s Central Anatolia 
region. 
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The following criteria were taken into consideration in 
the selection of this study group: 
Ensuring heterogeneity to obtain variance: These 
universities have student diversity from different parts of 
Turkey and the world.   
Target group: The scale to be developed in this study is 
for PSSFT, and the selected universities have adequate 
PSSFT providing a sample size explained at the end of this 
section. 
Nanotechnology experience: Target groups have 
different experiences in nanotechnology. In general, 1st 
and 2nd grade PSSFT did not have any nanotechnology 
experience, whereas 3rd and 4th grade PSSFT encountered 
nanotechnology in different courses' content. 
In the literature about scale development, various 
researchers have reported different opinions about the 
sample size. For example, Tinsley & Tinsley (1987) 
suggested sample size should be 5-10 respondents per item 
up to about 300 subjects. According to Comrey and Lee 
(1992), the sample size might be evaluated as 50-very poor; 
100-poor; 200-fair; 300-good; 500-very good; and 1000 or 
more excellent. In light of these previous studies, it can be 
concluded that the present study has an adequate sample 
size with 373 respondents for EFA and 770 respondents 
for CFA. 
2.2. Development of the Scale 
In the development of the scale, the scale development 
phases expressed by Crocker & Algina (2006) were taken 
as the basis. Firstly, the literature about the structure, 
indicators, measurement of the attitude, and characteristics 
of attitude scales was reviewed. Later, attitude scales 
developed by other researchers on similar and different 
topics were examined. Considering these scales and the 
structure of the attitude, 69 items were listed to measure 
the attitudes towards nanotechnology. Attention has been 
paid because these points represent the attitude's 
components, and the positive and negative expressions are 
at similar ratios (see Table 1). 
After completing the item writing process, 14 items 
were removed from the scale and the expression of 5 items 
was rearranged in line with the field experts' opinions 
examining the items. As a result, a 55-item trial form was 
created. While setting the order of the items within the 
scale, attention has been paid to randomly distribute the 
items belonging to different components and reporting 
positive and negative attitudes. Five response categories 
(Strongly Agree=5, Strongly Disagree=1) were formed to 
determine the agreement levels of the PSSFT on the items 
in the scale.  By adding the instruction that includes the 
purpose of the scale and the application information, the 
trial scale form has been made ready. 
2.3. Collection of Data 
Stage first, the purpose of the study was explained to 
the PSSFT, and they were informed that participation in 
the study was based on volunteerism. The data collection 
process lasted for two weeks, during which the PSSFT used 
about 10-12 minutes to reply to the trial scale form. 
2.4. Analysis of Data 
The data obtained by applying the trial scale to the 
PSSFT were analyzed by Statistical Package for the Social 
Sciences (SPSS) version 21 and Linear Structural Relation 
Statistics Package Program (LISREL) version 8.71. The 
SPSS is a computer program that can be used to calculate 
many of the descriptive (e.g., standard deviations, z scores, 
and correlations) and inferential (e.g., independent and 
repeated measures, t-tests, analysis of variance) statistics 
(Fraenkel & Wallen, 2009). LISREL is a computer program 
developed by Jöreskog and Sörbom (1978). It allows for 
various analyses such as path analysis, EFA and CFA, 
cross-lagged panel analysis, and Markov modeling (Tinsley 
& Tinsley, 1987). 
The values reverse items included in the scale were 
corrected by re-grading after the data was transferred to the 
software in data analysis. Various analyzes were made on 
the obtained data to establish reliability and validity. These 
analyzes can be summarized as follows. 
EFA and CFA to provide evidence of the scale’s 
validity: 
The factor analysis is often used to develop and validate 
psychometric instruments or testing theories about tools 
(Tinsley & Tinsley, 1987). To understand the factor 
analysis, it may help explain the concept of "factor" first. A 
factor is a linear combination or cluster of related observed 
variables representing a specific underlying dimension of a 
construct correlated with one another but mostly 
independent of other subsets of variables (Pett, Lackey, & 
Sullivan, 2003; Tabachnick & Fidell, 2013). Factor analysis 
attempts to achieve parsimony by explaining the maximum 
amount of shared variance in a correlation matrix using the 
smallest number of exploratory constructs known as a 
factor (Field, 2013). 
There are two basic types of factor analysis: EFA and 
CFA. EFA aims to determine the factor structure or model 
for a set of variables (Stevens, 2009). This analysis is 
implemented when the researcher does not know how 
many factors must clarify the interrelationships among a set 
of characteristics, indicators, or items (Pedhazur & 
Schmelkin, 1991; Pett, Lackey, & Sullivan, 2003; 
Tabachnick & Fidell, 2013). In contrast, CFA is used to 
confirm a particular pattern of relationships predicted 
based on theory or previous analytic results (DeVellis, 





Cognitive Affective Behavioral 
Positive 13 12 17 42 
Negative  10 10 7 27 
Total 23 22 24 69 
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2003). It is preferred when the researcher "knows" how 
many factors exist and whether they should be correlated. 
The researcher also generally forces items to load only on 
a specific factor and wishes to "confirm" a hypothesized 
factor structure with data (Stevens, 2009). 
While making EFA, generally more traditional statistical 
computer packages programs like SPSS, Statistical Analysis 
Software, and Bio-Medical Data Package are usually used 
(Pett, Lackey, & Sullivan., 2003). In this study, the EFA was 
carried out through the SPSS program to determine the 
scale's factor structure and provide evidence for construct 
validity. In this process, rotated principal component 
analysis (PCA) was used as an analysis method. The 
varimax (orthogonal) rotation was selected as the rotation 
method and was not limited to factor number. PCA tries to 
explain the maximum amount of total variance (not just 
common variance) in a correlation matrix by transforming 
the original variables into linear components (Field, 2013). 
Rotation is ordinarily used after extraction to maximize 
high correlations between factors and variables and 
minimize low ones. In other words, rotation aims to obtain 
more specific factor loads (FL). Varimax is a variance-
maximizing procedure. The varimax rotation goal is to 
maximize factor loadings' variance by making high loadings 
higher and low ones lower for each factor (Tabachnick & 
Fidell, 2013). 
CFA can be achieved through various statistical 
programs that require the use of structural equation models 
(Pedhazur & Schmelkin, 1991). LISREL is the most 
commonly used program for this purpose (Jöreskog & 
Sörbom, 1993; Tabachnick & Fidell, 2013). In line with 
relevant literature, LISREL was used for CFA in this study.  
The Kaiser-Meyer Olkin (KMO) coefficient and the 
Barlett Sphericity test to determine the suitability of the 
data obtained from the scale for PCA: 
KMO coefficient (Kaiser, 1970) is a statistical method 
which is used to determine whether the data and sample 
size are appropriate and adequate for the selected analysis. 
The KMO statistic varies between 0 and 1, and as the 
KMO coefficient approaches 1, it means that the data is 
suitable for the analysis, and 1 is the perfect fit (Field, 
2013). The acceptable KMO coefficient is expected to be 
greater than .5 (Kaiser, 1974). 
In the parametric method, the measured property 
should have a normal distribution in the universe. The 
Barlett Sphericity test is a statistical technique used to check 
whether the data comes from a multivariate normal 
distribution. Chi-square test statistic is obtained end of this 
test. If the chi-square test statistics has a significant value, 
it indicates that the data comes from the multivariate 
normal distribution (Field, 2013; Raykov & Marcoulides, 
2008). 
Item-test correlations (ITCs) were examined to provide 
evidence of item validity. The Cr-α coefficient was 
calculated to provide evidence of reliability. There are 
various methods used to calculate the reliability coefficient. 
These methods are grouped under two headings; (i) the 
methods based on single test administration and (ii) the 
methods based on two test administrations, depending on 
the situation where the data to be used in estimating the 
reliability coefficient is obtained. The Cr-α coefficient is 
 
Figure 1 Scree-plot graphic of the scale  
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one of the methods based on a single application. It can be 
used to estimate the reliability of the dichotomously scored 
items or items with a wide range of scoring weights. It is a 
measure of item scores' consistency with total test scores 
(Crocker & Algina, 2006). 
 
3. RESULT AND DISCUSSION  
3.1. Results about the Validity of the Scale 
To collect information about the construct validity of 
the scale, rotated PCA was used. The suitability of data for 
PCA was examined with the KMO coefficient and Barlett 
Sphericity test. At the end of the examination, the KMO 
coefficient was calculated as 0.946, and the chi-square test 
statistic obtained with the Barlett Sphericity test was found 
significant (X2=4330.579, df=276, p<0.05). These values 
were accepted to indicate that the scale's data provided the 
prerequisites for factor analysis (Kaiser, 1974), and EFA 
was conducted to reveal the scale's factor structure.  
As a result of the EFA performed on 55 items 
constituting the scale, it was determined that the items were 
collected in 8 factors having an eigenvalue greater than 1. 
These eight factors explained 58.99% of the variance of the 
Table 2 The results of validity and reliability analysis of attitude scale towards nanotechnology 
 
 
Items FL  /  ITC  /  Cr-αWIR  














I54 If I have an opportunity, I organize nanotechnology 
activities. 
.803/.713/.884   
I53 I would like to create a website/blog on 
nanotechnology. 
.799/.745/.882   
I40 I research about nanotechnology. .763/.670/.888   
I55 If I have an opportunity, I provide that 
nanotechnology is given as a course. 
.719/.608/.893   
I49 I follow publications related to nanotechnology. .689/.606/.893   
I29 I want to make a career in the nanotechnology field. .671/.697/.886   
I16 I want to prepare a nanotechnology curriculum. .655/.662/.888   
I34 I like talking about nanotechnology. .624/.657/.889   
I48 I feel comfortable in nanotechnology themed 
training or activities. 













I19 Nanotechnology affects economic activities 
positively. 
 .752/.647/.880  
I13 Nanotechnology provides to obtain more efficient 
products. 
 .707/.625/.882  
I30 I believe that nanotechnology will make our life 
easier. 
 .688/.687/.877  
I25 I find nanotechnology researches useful.  .668/.687/.877  
I27 I believe that nanotechnology researches are 
necessary. 
 .640/.679/.877  
I7 Nanotechnology contributes to social development.  .636/.650/.880  
I1 Nanotechnology increases the quality of life.  .633/.596/.884  
I22 Nanotechnology is a revolutionary development.  .628/.706/.875  
I45 Nanotechnology helps us to understand the natural 
world. 













I26 I move away from the environment where 
nanotechnological applications are talked 
  .762/.602/.777 
I20 I change the channel when I meet news or 
advertisement related to nanotechnology on 
television. 
  .707/.639/.769 
I12 I get bored when I hear the news, advertising, etc. 
about nanotechnology. 
  .680/.541/.790 
I28 I get uncomfortable with nanotechnology research.   .630/.699/.758 
I23 I do not explain my opinions in conversations or 
discussions about nanotechnology. 
  .624/.530/.793 
I52 Nanotechnology is not worth learning.   .602/.468/.812 
Eigenvalue 5.161 4.668 3.576 
Ratio of variance explanation (%) 21.503 19.451 14.900 
55.854 
Cr-α .899 .892 .813 
.926 
*Cr-α When the Item is Removed 
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attitude variable. After initial EFA, 29 items extract from 
the scale one by one, and EFA has performed again after 
each removal. While the items were extracted, three criteria 
were taken into consideration. The first one is that the item 
does not load to any factor. As a rule of thumb, it is 
recommended to interpret the items with factor loadings of 
0.30 (Raykov & Marcoulides, 2008) or 0.40 and above 
(Field, 2013; Stevens, 2009). For this reason, items that 
have factor loadings less than 0.40 were excluded from the 
scale because they did not provide this criterion. The 
second one is that the item is loaded to more than one 
factor. For example, if an item is loaded to two factors and 
the difference between the loads of these factors is less than 
0.20 (or 0.15) (Dilorio, 2005), this item is considered as 
cross-loading and removed from the scale. Lastly, the third 
one, two items collected under one factor, is also removed 
from the scale because a factor must contain at least three 
items (Comrey & Lee, 1992). In this case, the remaining 24 
items were found to have a 3-factor structure with an 
eigenvalue greater than 1 (Kaiser, 1960). 
An eigenvalue represents the amount of information 
captured by a factor (DeVellis, 2003). The first factor's 
eigenvalue is 5.161, which accounts for 21.503% of the 
attitude variable's total variance. When we examine the 
items in this factor consisting of 9 items whose FL ranging 
from 0.803 to 0.600, it was found that the items generally 
contain positive behaviors and emotional tendencies 
towards nanotechnology, hence the factor called “positive 
component.” The second factor has an eigenvalue of 4.668, 
accounting for 19.45% of the attitude variable's total 
variance. When the items in this factor, consisting of 9 
items whose FL are ranging from 0.752 to 0.568, were 
examined, it was found that the items generally contained 
cognitive tendencies for the benefits of nanotechnology in 
daily life. Hence, the factor is called the “benefit 
component.” Finally, the third factor's eigenvalue is 3.576, 
which accounts for 14.90% of the attitude variable's total 
variance. When the items in this factor consisting of 6 items 
whose FL ranged from 0.762 to 0.602 were examined, it 
was found that these items generally had negative 
behavioral, emotional, and thought tendencies towards 
nanotechnology. The factor was named as a “negative 
component” for this reason. These three factors together 
account for 55.854% of the attitude variable’s total 
variance. These findings can be used as proof that the 
developed scale provides construct validity at a satisfactory 
level and that it has a three-factor structure (see Table 2). 
Figure 1 shows the scree plot graph as another widely 
used method for determining the scale's factor number 
(Cattell, 1966). The screen test is also based on eigenvalues. 
Still, it uses their relative values rather than absolute values 
as a criterion, and then suddenly drop in eigenvalue 
magnitude can be used for determining the “right” number 
of factors (Cattell, 1966). Figure 1 shows three factors 
whose eigenvalues are more than 1 (Kaiser, 1960). The 
eigenvalues obtained after the varimax rotation techniques 
are presented in Table 2.  
Finally, the parallel analysis, which uses eigenvalue to 
determine the number of factors, was performed. In this 
method, many datasets are simulated, each containing the 
same number of variables and respondents. The difference 
is that each dataset is made up of completely random data. 
The eigenvalues are computed for each dataset, and the 
mean is computed across all of the datasets (Johnson & 
Morgan, 2016). The eigenvalues of the factors obtained 
from the actual data set are compared with the eigenvalues 
of the factors obtained due to the parallel analysis. As a 
result, the eigenvalues of the factors derived from the actual 
data set are expected to be higher (DeVellis, 2003). The 
results based on 1,000 parallel analyses conducted with 
O’Connor SPSS syntax (O'Connor, 2000) were represented 
in Table 3. 
Table 3 shows that the first three factors have 
eigenvalues higher than the mean eigenvalues from the 
randomly generated datasets. For this reason, the three 
factors should be evaluated according to parallel analysis. 
When the harmony between the results obtained from the 
three methods used to determine the number of factors is 
considered, it can be concluded that the scale has a three-
factor structure. 
After analyzing the validity of the structure, ITCs were 
calculated concerning the item validity of the scale. Result 
calculations made, ITCs were found to have values ranging 
between; 0.745 and 0.606 for the items in the first factor, 
0.706 and 0.577 for the items in the second factor, and 
0.699 and 0.468 for the items the third factor (see Table 2). 
These values indicate that there is a positive and high level 
of correlation between item-test scores (Cohen, 1992). 
These findings can be used as proof that the item validity 
is sustained and that the items are measuring the same 
structure. 






Mean eigenvalues from 
1,000 
datasets of random 
numbers 
1 9.178 1.567259 
2 2.826 1.467013 
3 1.401 1.398923 
4 .869 1.340365 
 
Table 4 The correlation between the scores of the factors 
constituting the scale and the scores obtained from the whole 
scale 
Factors Factor 1 Factor 2 Factor 3 Whole 
scale 
Factor 1 1.00 .556** .414** .853** 
Factor 2  1.00 .635** .866** 
Factor 3   1.00 .756** 
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The correlation between the scores of the factors 
constituting the scale and the scores obtained from the 
whole scale indicates the presence of a high level and 
meaningful relationship (0.414 ≤ r ≤ 0.866, p < 0.01) in the 
positive direction (Cohen, 1992). This finding can be 
regarded as a demonstration that the three factors 
establishing the scale are components of the attitude 
towards nanotechnology. The detailed data on FL of the 
items and ITCs are presented in Table 2. The correlation 
coefficients between the scores of the factors constituting 
the scale and the scores obtained from the whole scale are 
presented in Table 4. 
Verification of the model for the 3-component 
structure obtained from the EFA was tested by applying 
CFA through the LISREL software. For the fit indices, the 
values of χ2/df (Chi-Square/Degree of Freedom), Root 
Mean Square Error of Approximation, Normed Fit Index, 
Comparative Fit Index, Adjusted Goodness-of-Fit Index, 
Goodness-of-Fit Index, and Standardized Root Mean 
Square Residual were also examined. The goodness-of-fit 
indices obtained without performing any modification on 
the model as a result of CFA performed on the structure 
consisting of three factors, and 24 items are as follows: 
[χ2=983.46, df=249,  χ2/df=3.95 (p=0.000), Root Mean 
Square Error of Approximation=0.062, Normed Fit 
Index=0.96, Comparative Fit Index=0.97, Adjusted 
Goodness-of-Fit Index=0.88, Goodness-of-Fit 
Index=0.90, Standardized Root Mean Square 
Residual=0.053]. When the model’s goodness-of-fit indices 
were examined, it can be said that the ratio of Chi-square 
value to the degree of freedom (χ2/df=3.95) was acceptable 
(Kline, 2005), Root Mean Square Error of Approximation 
had a good fitness (Brown, 2006; Jöreskog & Sörbom, 
1993), Comparative Fit Index and Normed Fit Index values 
had excellent fitness (Sümer, 2000; Thompson, 2004), 
Standardized Root Mean Square Residual value had an 
good fitness (Brown, 2006; Byrne, 1994), the Goodness-of-
Fit Index value has an excellent agreement, and  Adjusted 
Goodness-of-Fit Index values were at acceptable levels 
(Jöreskog & Sörbom, 1993). In conclusion, these findings 
can be interpreted that EFA's model agrees with the 
structure obtained by CFA. The model obtained as a result 
of CFA was given in Figure 2 with standardized solution 
values. Finally, the numbers of the items in the final form 
of the scale and the mean, standard deviation, skewness, 
and kurtosis values are presented in Table 5. 
3.2. Results about the Reliability of the Scale 
The Cr-α reliability coefficient was calculated to provide 
evidence of the reliability of the scale. In this process, all of 
the factors establishing the scale and the whole scale are 
Table 5 Descriptive statistics of the items in the final form of the scale 







In final form Statistic Std. Error Statistic Std. Error 
I1 I1 4.321 .6737 -.705 .126 .598 .252 
I7 I2 4.116 .7932 -1.022 .126 1.831 .252 
I12 I3 3.759 .9044 -.864 .126 .757 .252 
I13 I4 4.046 .7336 -.524 .126 .451 .252 
I16 I5 3.142 1.0389 -.085 .126 -.444 .252 
I19 I6 3.814 .8285 -.291 .126 -.166 .252 
I20 I7 3.987 .8934 -.860 .126 .717 .252 
I22 I8 3.908 .8964 -.651 .126 .307 .252 
I23 I9 3.517 .8961 -.351 .126 .082 .252 
I25 I10 4.005 .7441 -.953 .126 2.260 .252 
I26 I11 4.035 .8242 -1.052 .126 1.633 .252 
I27 I12 4.105 .7912 -.976 .126 1.553 .252 
I28 I13 4.172 .8153 -1.182 .126 1.918 .252 
I29 I14 3.103 1.0877 -.069 .126 -.289 .252 
I30 I15 4.040 .8302 -.785 .126 .733 .252 
I34 I16 3.472 .9768 -.434 .126 -.108 .252 
I40 I17 3.035 .9899 -.071 .126 -.618 .252 
I45 I18 3.694 .8536 -.435 .126 .265 .252 
I48 I19 3.485 .8717 -.481 .126 .434 .252 
I49 I20 3.054 1.0303 -.036 .126 -.590 .252 
I52 I21 4.005 1.0347 -1.008 .126 .352 .252 
I53 I22 2.919 1.0074 .180 .126 -.374 .252 
I54 I23 3.075 1.0211 -.030 .126 -.501 .252 
I55 I24 3.395 1.0586 -.447 .126 -.281 .252 
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handled separately. Cr-α reliability of the first factor is 
calculated as 0.899, the second factor as 0.892, the third 
factor as 0.813, and the whole scale as 0.926. These findings 
can be used as evidence that the scale has a satisfactory level 
of reliability (Bland & Altman, 1997). The details of the 
data obtained from the reliability analysis are presented in 
Table 2. 
3.3 Discussion  
 Nieswandt (2005) stated that an overview of attitude 
definitions in related literature shows that attitude is not a 
uni-directional term but a multi-directional construct 
consisting of affective, cognitive, and behavioral 
components. Therefore, it is a selection of researchers to 
define their understanding of attitude depending on the 
 
 
Figure 2 The model obtained as a result of confirmatory factor analysis 
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research objectives. In this study, based on the multi-
directional structure given in the literature, the items were 
written for all cognitive, affective, and behavioral 
components in the item writing process. According to the 
findings obtained from the analysis, the developed scale 
also included items for three dimensions. It is considered 
that these findings support the view of the multi-directional 
structure. It was also found that these components' items 
were placed in different proportions in the factors forming 
the scale. The items related to cognitive and behavioral 
components were relatively higher. According to Erkuş 
(2003), the number and structure of attitude components 
may vary depending on the statistics used in structure 
validation, the selection of indicators used to measure the 
attitude structure's components, and the nature of the 
attitude object used.  
Within this study's scope, a new scale that aims to 
measure pre-service science teachers' attitudes towards 
nanotechnology has been developed. Participants' attitudes 
towards nanotechnology at various ages and levels of 
education were measured using various scales that have 
been developed. For example, Kurnaz and Bayraktar 
(2012) have developed a scale that can determine high 
school students' attitudes towards nanotechnology 
subjects. The developed scale has a 2-factor structure 
consisting of 19 items. These factors, which account for 
73.3% of the attitude variable's total variance, were named 
by researchers as “valuation to nanotechnology” and 
“nanotechnology awareness.” The Cr-α reliability 
coefficient of the scale was 0.88. 
Moreover, in the study conducted by Seçken (2009), a 
measurement tool was developed to determine pre-service 
chemistry teachers' attitudes towards nanotechnology. The 
developed scale has a 4-factor structure consisting of 16 
items. These factors, which account for 59.89% of the 
attitude variable’s total variance, were named by the 
researcher as “labor,” “anxiety,” “life,” and “education.” 
The Cr-α reliability coefficient of the scale was 0.86. 
Furthermore, Lan (2012) has developed a scale that can 
measure K-12 teachers’ attitudes towards nanotechnology. 
The developed scale has a 3-factor structure consisting of 
23 items. These factors, which account for 64.11% of the 
attitude variable’s total variance, were named by the 
researcher as “the importance of nanotechnology,” 
“affective tendencies in science teaching,” and “behavioral 
tendencies towards teaching nanotechnology.” The Cr-α 
reliability coefficient of the scale was 0.94.  
Although the items in the factors of the scale developed 
in the present study are similar to the items in the related 
studies' sub-dimensions, these scales differ in terms of the 
obtained factor structures and naming of the factors. It is 
seen that the structure of attitude scales for 
nanotechnology differs considerably from each other, and 
a complete consensus among researchers cannot be 
obtained from this point of view. That may be due to 
different perspectives that researchers have adopted in the 
scale development process. Besides, due to the limited 
number of Likert-type scale development studies that can 
be used to determine attitudes towards nanotechnology, a 
clear and standard structure may not yet be achieved. The 
current study's focus group is PSSFT, which is a different 
aspect than the studies in the literature. It is thought that 




In this study, a scale was developed that can be used to 
measure the attitudes of PSSFT towards nanotechnology. 
It has been determined that the developed scale has a 3-
factor structure consisting of 24 items. The researchers 
named these factors as “positive component,” “benefit 
component,” and “negative component.” The factors' 
eigenvalues are determined as 5.161, 4.668, and 3.576, 
respectively, and they account for 21.503%, 19.451%, and 
14.90% of the attitude variable’s total variance, 
respectively. Also, three factors account for 55.854% of the 
attitude variable’s total variance. As a result of the reliability 
analysis conducted to establish evidence of the scale's 
reliability, the Cr-α reliability of the scale was found to be 
0.926; and Cr-α reliability for each factor found as 0.899, 
0.892, and 0.813, respectively. The lowest score that can be 
taken from the scale is 24, and the highest score is 120. It 
can be said that the attitude towards nanotechnology 
increases as the score obtained from the scale increases. 
This study shows that the psychometric properties of the 
nanotechnology attitude scale have a valid and reliable 
structure to measure the attitudes of PSSFT towards 
nanotechnology.  
However, this study has several limitations. First, the 
nanotechnology attitude scale findings presented in this 
study are limited to the data obtained from the study group 
selected from Turkey’s Central Anatolia region. In further 
studies, the researchers using different groups with similar 
characteristics can contribute to generalizing the results of 
this study and the validity and reliability of the scale. 
Second, the PSSFT is identified as the target group in 
developing the scale in this study. If the scale is intended to 
use for pre-service teachers or teachers in different areas 
and different countries or cultures, validity and reliability 
analyses should be performed with the data that is going to 
be obtained from these groups. As another important 
point, to better understand the structure of the attitude 
towards nanotechnology, researchers can develop an 
attitude scale for participants of different ages and 
education levels or apply the scales available in the 
literature to contribute to these scales' validity and 
reliability. 
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NOTES 
A part of this study was presented at the III. INES 
International Education and Social Science Congress in 
Alanya, 28 April-1 May, 2018.    
 
ABBREVIATIONS 
EFA, Exploratory Factor Analysis; CFA, Confirmatory 
Factor Analysis; KMO, The Kaiser-Meyer Olkin; SPSS, 
Statistical Package for the Social Sciences; LISREL, Linear 
Structural Relation Statistics Package Program; FL, Factor 
Loads; ITCs, Item-Test Correlations; Cr-αWIR, Cr-α 
When the Item is Removed; PSSFT, Pre-service Science 
Fields Teachers; PCA, Principal Component Analysis. 
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